Trigeminal autonomic cephalalgia (TAC) is a term that was coined by Goadsby and Lipton [1] in 1997, to reflect the common feature among a group of short-lasting primary headaches, that is, excessive cranial parasympathetic autonomic reflex activation to nociceptive input in the ophthalmic division of the trigeminal nerve. Trigeminal-autonomic activation is the hallmark of these syndromes, which we now commonly refer to as TACs. Subsequently, the term officially appeared in the International Classification of Headache Disorders version 2 (ICHD 2), [2] given the research into these conditions and the unifying pathogenesis. It can be argued that such nosologic classification and reorganization of headache types has minimal impact on clinical practice and that it is purely for the research purposes. However, the ICHD should be viewed as a diagnostic aide-memoire for clinicians. This classification, based on the similarity of their pathogenesis, aids the clinician by narrowing the list of relevant differential diagnoses.
noSologIc EvolutIon and concEptualIzatIon
Trigeminal autonomic cephalalgia (TAC) is a term that was coined by Goadsby and Lipton [1] in 1997, to reflect the common feature among a group of short-lasting primary headaches, that is, excessive cranial parasympathetic autonomic reflex activation to nociceptive input in the ophthalmic division of the trigeminal nerve. Trigeminal-autonomic activation is the hallmark of these syndromes, which we now commonly refer to as TACs. Subsequently, the term officially appeared in the International Classification of Headache Disorders version 2 (ICHD 2), [2] given the research into these conditions and the unifying pathogenesis. It can be argued that such nosologic classification and reorganization of headache types has minimal impact on clinical practice and that it is purely for the research purposes. However, the ICHD should be viewed as a diagnostic aide-memoire for clinicians. This classification, based on the similarity of their pathogenesis, aids the clinician by narrowing the list of relevant differential diagnoses.
TAC is an umbrella term that encompasses four primary headache disorders -cluster headache (CH), paroxysmal hemicrania (PH), hemicrania continua (HC), short-lasting unilateral neuralgiform headache attacks with conjunctival injection and tearing (SUNCT)/short-lasting unilateral neuralgiform headache attacks with cranial autonomic symptoms (SUNA). Cranial autonomic symptoms are cardinal features of TACs. These include conjunctival injection, lacrimation, nasal congestion, rhinorrhea, and aural fullness. [3] The unifying clinical features for these syndromes are that they all present with unilateral pain in the distribution of the trigeminal nerve with associated cranial autonomic features ipsilateral to the pain. It should be in the forefront of the clinician's mind when presented with a patient with unilateral head pain and cranial autonomic symptoms in any clinic. autonomic features other than conjunctival injection and lacrimation.
This entity is often confused with trigeminal neuralgia, given the short duration of the attacks. There are several clinical features, which may assist in the differentiation between these disorders. SUNCT/SUNA mainly affects the first division of the trigeminal nerve, whereas trigeminal neuralgia typically involves the second and third divisions, rarely affecting the first division. Furthermore, it is important to assess if attacks are consistently triggered by cutaneous stimuli. The presence of a refractory period to these triggers [24] is a feature of trigeminal neuralgia, whereas its absence is more in keeping with SUNCT/SUNA. In general, trigeminal neuralgia should not have significant cranial autonomic features, and if this is present, one should consider SUNCT/SUNA. [25] Paroxysmal hemicrania PH is a rare TAC characterized by unilateral attacks of pain lasting for 2-30 min and can recur up to forty times a day, with a mean of 11. [26] The attacks are severe and mainly involve the periorbital and temporal area and are associated with cranial autonomic features and respond to indomethacin. Attacks are always unilateral; however, they can side-shift. Patients can have photophobia and phonophobia, and these tend to be lateralized to the side of the pain. [27] The attacks do not typically occur at night as CH attacks do. The attacks of PH are mostly spontaneous; however, 10% can be triggered by bending or rotating the head. [26] Alcohol can trigger attacks in one-fifth of patients, but this is less reliable as compared to its effect on triggering CH attacks. The attacks are not associated with cutaneous triggers.
PH can be classified into episodic-or chronic-based on the time of remission. Episodic PH occurs in 35% of patients and is defined when there are remission periods lasting 3 months or longer, whereas in chronic PH there is either the absence of a remission period or remissions last <3 months, for at least 1 year.
Cluster headache
CHs affect up to 0.1% of the population, [28] and is the most common of the TAC disorders. CH patients have attacks that can last from 15 min to 3 h, however, on average, they tend to last from 45 to 90 min [29] and can occur once every other day up to eight times a day, typically at certain times of the day with a circadian periodicity. The pain is unilateral and is concentrated in the peri-, retro-orbital, and temporal areas. In addition, there are prominent cranial autonomic features. This is one of the most painful conditions known to humans, and it has been described by patients to surpass the pain experienced from a fracture or during childbirth. During attacks patients have an intense sense of restlessness or agitation and some patients prefer to pace or fidget. Often patients apply pressure with the palm of their hands onto the epicenter of the pain, whether this is their eye or temple, to gain some pain relief.
HC was initially categorized under "other primary headaches" in ICHD-2. However, this has since been revised under the ICHD-3 version [3] and is now included under the category of the TACs, given the overlap in the activation of the posterior hypothalamic grey, and the shared clinical feature of indomethacin responsiveness.
pathogEnESIS oF trIgEmInal autonomIc cEphalalgIaS
Our understanding of the pathogenesis for TACs has come from key bench work [4, 5] and functional neuroimaging studies. The unifying mechanism for TACs is the role of the trigeminal-autonomic reflex with parasympathetic activation.
[1] The trigeminal-autonomic reflex is a reflex pathway that consists of a brainstem connection between the trigeminal nerve and facial cranial nerve parasympathetic outflow. [6, 7] From functional neuroimaging studies, it has been shown that the hypothalamus is activated ipsilateral to the pain in CH, [8] [9] [10] [11] contralateral in PH, [12] ipsilateral [13] and bilateral [14] hypothalamic activation in SUNCT, and contralateral [15] in HC. There is further evidence to support the hypothalamic involvement from deep brain stimulation targeting the posterior hypothalamus in CH [16] [17] [18] and changes in melatonin [19] [20] [21] and orexin [22, 23] in CH.
Short-lasting unilateral neuralgiform headache attacks with conjunctival injection and tearing/short-lasting unilateral neuralgiform headache attacks with cranial autonomic symptoms SUNCT/SUNA is short, and typically a single attack lasts 1-10 min in duration and can occur multiple times a day, and the frequency tends to be in the hundreds. The quality of pain is typically described as stabs or jabs and has a predilection for the first division of the trigeminal nerve. There are three clinical types of SUNCT/SUNA; they can occur as individual and single stabs, a group of individual stabs, or as a "saw-tooth" pattern [ Figure 1 ]. Each attack is associated with ipsilateral cranial autonomic symptoms. In SUNCT, there is conjunctival injection and tearing, whereas in SUNA, there may be cranial
The three patterns of pain in short-lasting unilateral neuralgiform headache attacks with conjunctival injection and tearing/short-lasting unilateral neuralgiform headache attacks with cranial autonomic features [24] In addition to the circadian periodicity, CH attacks demonstrate a circannual periodicity where attacks "cluster" over particular periods of the year, typically occur around the change of seasons. [30] The periods where patients experience attacks are called "bouts" and they may last for 6-12 weeks in duration.
Depending on the time between attacks, CH can be further subclassified into episodic and chronic CH. Episodic CH is defined when there is a remission period between attacks for more than 3 months without any form of preventive treatment. Whereas, in chronic CH, there is either the absence of a remission period or remissions last <3 months for at least 1 year. [3] During a bout, CH attacks may be triggered by alcohol, [31, 32] food containing nitrates, nitroglycerin, and strong odors such as paint and nail varnishes. [33] The differentiation of CH from PH can be challenging, especially as the attack duration can overlap in these conditions. Shorter and frequent CH attacks may be confused as PH attacks. There are several clinical features that may help in distinguishing these disorders. The presence of agitation during attacks and alcohol triggering attacks within a bout is consistent with CH. Anecdotally, some PH patients have found that taking higher than recommended doses of nonsteroidal anti-inflammatory drugs (NSAIDs), for example, ibuprofen, have been useful in their attacks. Patients, who have found high flow oxygen delivered through a nonrebreather mask useful in aborting their attacks within 15 min, are more likely to be suffering from CH. Although these features can help distinguish between the two TACs, ultimately for a definitive diagnosis of PH, the patient should respond to an adequate dose of indomethacin.
hEmIcranIa contInua
HC is characterized by a continuous unilateral headache that waxes and wanes in its intensity without complete resolution. Like PH, it has an indomethacin response.
[34] Diagnostic uncertainty between HC and chronic migraine can occasionally arise when a patient presents with a lateralized headache with associated cranial autonomic features. This dilemma can be overcome by assessing the responsiveness to indomethacin.
In HC, there is a continuous baseline pain with intermittent worsening. This clinical picture can be confused with the interparoxysmal pain that may be associated with the other TACs, such as in SUNCT/SUNA, [24] PH, [26] and interparoxysmal allodynia in CH. [35] This appears to be linked to the coexistence of TAC biology with migraine, and patients can have concomitant migraine or a family history of migraine. It is important to recognize this clinically, especially when the interparoxysmal pain becomes troublesome as TAC patients with a migrainous biology can be susceptible to medication overuse [36] and should be treated accordingly.
clInIcal dIagnoSIS
When a patient presents with lateralized unilateral pain involving the trigeminal distribution together with the presence of cranial autonomic symptoms, the consideration of several key features will help in distinguishing the various TAC entities -duration of individual attacks, attack frequency, triggers, and treatment response [ Table 1 ]. [24, 26, 31, 34] In particular, the duration and frequency of the attacks can elude to the diagnosis; however, it is important to remember there is considerable overlap. In general, SUNCT/SUNA has the shortest attack duration and the highest frequency of attacks over 24 h. This is followed by PH and CH, with HC having a continuous pain superimposed with worsening [ Figure 2 ].
One key clinical feature that distinguishes TACs from other headaches is the lateralization of associated symptoms and cranial autonomic symptoms. Although patients with unilateral migraine experience unilateral photophobia or phonophobia ipsilateral to the pain, this occurs only in <5% of patients, [27] whereas lateralized photophobia and phonophobia are present in more than 50% of TAC patients. In addition, the lateralized cranial autonomic symptoms are less prominent in migraine as compared to TACs. Migraineurs may experience cranial autonomic features; however, this is typically bilateral, whereas in TACs, it is generally unilateral and ipsilateral to the side of the pain. [37] IndomEthacIn dIagnoStIc tEStIng For hEmIcranIa contInua and paroxySmal hEmIcranIa
Although it is logistically easier to perform an oral indomethacin trial, such as commencing with 25 mg three times a day and gradually escalating the dosage up to 75 mg three times a day over a course of 3 weeks in the outpatient setting, there are several confounding factors that may affect the outcome of this test. These include medication compliance, pharmacodynamics, and pharmacokinetic considerations. From existing literature on oral Indomethacin tests, it has been reported that some patients needed more than 1 trial, and in one case the patient had more than 30 trials, before obtaining a positive response. [38] Antonaci et al. proposed the standardized "Indotest," [39] using intramuscular indomethacin and a headache diary. It is expected to have a protective refractory period of 13 ± 8 h following 50 mg indomethacin injection and 13 ± 10 following 100 mg, with this protective effect starting between 22 and 73 min after the injection. [39] It is essential to have an accurate headache diary prior the test, firstly to time the injection to the most likely expected time for an attack and to compare the number and severity of attacks pre-and post-test. To enhance the accuracy, we recommend a blinded placebo-controlled intramuscular indomethacin test with 100-200 mg, with intramuscular normal saline as the placebo. The headache diary is compared between the days placebo, and indomethacin were given [26] to come to an accurate diagnosis.
It is important to recognize the side effects of indomethacin. Orally administered indomethacin can cause gastrointestinal irritation; we recommend the concomitant commencement of a proton-pump inhibitor (PPI). Other side effects include abdominal pain, dizziness, nausea, and diarrhea.
[34] Although rare, cases of acute psychosis following parenteral indomethacin administration has been reported in the literature. [40] [41] [42] [43] [44] [45] [46] 
InvEStIgatIonS
We recommend that all new presentations of TACs be thoroughly investigated with a MRI head with gadolinium to exclude any pituitary pathology. In addition, pituitary function testing should be pursued, as there is a known association for pituitary and peripituitary gland disease to be present with TACs. In a cohort of 84 patients with pituitary tumors and headache problems, 10% had a TAC-like headache, [47] this is approximately a 100-fold increase compared to the normal population. Furthermore, it is important to keep in mind the secondary causes of TACs as outlined in Table 2 . [48] After the exclusion of secondary etiology, in cases with TAC symptomatology not fulfilling diagnostic criteria, it would be reasonable to classify as "probable TAC" as set out in ICHD-3, whereas assessing the response to specific treatments such as high flow oxygen and indomethacin. It is necessary to follow-up these patients longitudinally as features may become more distinct over time.
concluSIon
Since the introduction of the TAC nosologic entities in 1997, we have had several advances in our understanding of SUNCT/SUNA, PH, CH, and HC. These disorders share common clinical features, which are characterized by unilateral cephalic pain affecting the trigeminal distribution associated with lateralized cranial autonomic features. This is further unified by experimental and functional neuroimaging studies implicating the hypothalamus and the trigeminal-autonomic reflex. The 
